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STUDIES ON FOWL LEUKOSIS
TRANSFER WITH FRACTIONS OBTAINED BY ULTRACENTRIFUGATION
OF LEUKEMIC PLASMA AND BONE-MARROW EXTRACTS*
ARTHUR KIRSCHBAUM,t KURT G. STERN, AND CHARLES W. HOOKER
Following the observations on high-speed centrifugation of the
avian sarcoma agent by various investigators,1' 8,10,11,12 similar
studies of the agent of fowl leukosis have been undertaken. Since
the neoplastic nature of this disease is now rather generally recog-
nized, observations on the filterable agent of chicken leukosis have
assumed new significance for the study of the etiology of fowl
neoplasms.
It is the purpose of this paper to describe (1) observations on
the transfer of fowl leukosis with fractions obtained by ultracentrifu-
gation of leukemic bone-marrow extracts and plasma and (2) obser-
vations on host resistance to both the filterable agent and leukemic
cells. An account of the physical-chemical properties of sediments
obtained from leukemic tissue extracts will appear in a subsequent
publication.:
Materials and methods
The original stock of virus was obtained from leukemic chicks kindly
provided by Dr. J. Furth (strain No. 1).6 Routine transfer was accom-
plished by the method of Furth; that is, leukemic chickens were bled, the
blood being heparinized (0.1 per cent solution in normal saline) while drawn,
usually 25 per cent of the total blood volume being heparin solution,§ and the
blood thus diluted was inoculated intravenously (jugular vein). The volume
of heparinized blood inoculated into chickens 10 weeks of age or older for
routine transfer varied from 0.5 to 1.0 cc., while the baby chicks received
0.2 cc. or less.
* From the Department of Anatomy and the Laboratory of Physiological Chem-
istry, Yale University School of Medicine. This study was aided by grants from
the Fluid Research Fund of the Yale University School of Medicine and from the
Jane Coffin Childs Memorial Fund for Medical Research.
t Finney-Howell Research Foundation Fellow.
t Some of the observations made in th-is work have been briefly reported: Science,
1939, 89, 610; Anat. Rec., 1940, 76, 37 (suppl.); Program of Third International
Cancer Congress (1939), p. 172.
§ The heparin was a purified preparation obtained from the Connaught
Laboratories.
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Embryos were inoculated by two methods. In one group a small aperture
was made in the small end of the egg and the material was injected into the
albumen, after which the opening in the shell was sealed with melted paraffin.
In another group a window was made in the shell in order to expose the
embryo and leukemic plasma was injected directly into the amniotic sac. The
window was closed by sealing a piece of shell into place with melted paraffin.
Crude extracts of leukemic bone-marrow were prepared by grinding fresh
or frozen tissue thoroughly with sand. During the course of grinding 0.005
M phosphate buffer (pH 7.3) was added gradually, the final volume of
buffer in cubic centimeters being 20 times the weight of the tissue in grams.
This suspension of bone-marrow was centrifuged at 2,600 to 3,000 r.p.m.
for 20 minutes; the turbid supernatant liquid was then drawn off with a
pipette, this material being designated "crude extract."
Plasma was obtained for ultracentrifugation studies in the following way.
Heparinized blood was centrifuged at 3,000 r.p.m. for 30 minutes to remove
the cells. The plasma was drawn off and diluted so that plasma made up
one-third of the final dilution. The diluted plasma was then either re-centri-
fuged at 3,000 r.p.m. for 3 additional half-hour runs or passed through a
bacterial filter before ultracentrifugation.
In order to fractionate crude marrow extracts or whole plasma by high-
speed centrifugation the materials were spun in the quantity rotor of an air-
driven ultracentrifuge of the Beams Type at 30,000 r.p.m. (67,000 x g) for
30 min. or 1 hour. Any material deposited at the bottom of the tubes is
termed a "pellet." In the case of marrow extracts the supernatant fluid was
decanted and the pellets dispersed in phosphate buffer by rubbing with a
rubber-capped glass rod. Pellets which were thus re-suspended to the original
crude extract volume were spun in a laboratory centrifuge at 2,600 to 3,000
r.p.m. for 20 minutes. The resulting suspension is termed a "first pellet
suspension." When the first pellet suspension was re-sedimented in the
ultracentrifuge, the resulting pellet re-suspended, and this suspension centri-
fuged at 2,600 to 3,000 r.p.m. the final suspension was termed a "2nd pellet
suspension." According to the age of the chicks being used in the experiments
the dose of pellet suspension varied from 0.1 to 0.8 cc.
A visible pellet was not obtained upon ultracentrifugation of plasma pre-
viously passed through a No. 5 Chamberland filter. After the upper third of
the plasma had been drawn off the remaining two-thirds was re-mixed.
Visible pellets were present after ultracentrifugation of 3-times centrifuged
plasma or of plasma passed through a V Berkefeld filter. After one-third to
one-half of the supernatant plasma had been drawn off these pellets were
re-suspended in the remaining plasma.
The following procedure was used in testing the activity of the supernatant
fluid. Before the celluloid tubes carrying the ultracentrifuged material were
removed from the rotor, the uppermost portion of the supernatant fluid was
carefully withdrawn with a syringe. This procedure was followed to avoid
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mixing of the pellet material and the supernatant fluid. One-tenth to 0.8 cc.
of the supernatant was inoculated, depending on the age of the test animal.
In order to determine the degree of sedimentation of the agent at various
centrifugal speeds up to 30,000 r.p.m. the following procedure was used. A
series of tubes containing 3-times diluted heparinized plasma which had pre-
viously been passed through a V Berkefeld filter was placed in the rotor of
the ultracentrifuge. Following a half-hour run at 6,000 r.p.m. the upper
thirds of 2 tubes, each containing 6 cc. of plasma, were drawn off. The
remaining tubes were then spun at 12,000 r.p.m. for one-half hour, a total
of 4 cc. of supernatant plasma then being drawn off from 2 tubes; the pro-
cedure was repeated for speeds of 18,000, 24,000, and 30,000 r.p.m. The
sediments deposited in 6 tubes centrifuged at the last 2 speeds were washed
with saline, re-suspended in 1 cc. of saline, and inoculated intravenously into
6 chicks. Five groups of chicks were inoculated with supernatant plasma
from each of the runs, each chick receiving 0.4 cc. (4-day White Leghorn
chicks-Table 9).
The following criteria were used for ascertaining whether or not the
chickens developed leukemia. As soon as the comb became pale blood smears
were made. Diagnosis can readily be made from the characteristic hemato-
logical findings.7 Animals were not considered positive, however, unless the
disease progressed to fatal or terminal stages. In most instances blood smears
were made a day or two before death. Gross features plus smears of bone-
marrow, dry imprints of liver and spleen, and paraffin sections in dubious
cases were used in addition to blood smears to establish diagnosis.
Blood smears and dry tissue imprints were stained with the May-Grin-
wald-Giemsa combination. Tissues were fixed in Zenker-formol and stained
with either Dominici's combination of toluidin-blue and eosin-orange G or
Harris' hematoxylin-eosin.
Chickens were numbered with wing bands and kept in metal brooders
adapted for age and size. No attempt was made to segregate control and
test animals. Standardized starting and growing mash was fed the chicks
for the first few weeks, after which they were fed a mixture of growing mash
and cracked corn. Three breeds of chickens were used-White Leghorn,
Barred Plymouth Rock, and White Plymouth Rock. In any one experiment
the chicks were of the same age and breed.
Observations
A. Transfer with whole blood
Chicks were more susceptible than older animals to inoculations
of heparinized whole blood. When embryos (10-12 days) were
inoculated by injection of blood into the surrounding albumen, the
percentage oftakes was the same as in adults inoculated by the intra-
venous route. Two of the breeds used (White Leghorn and Barred
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Plymouth Rock) were more susceptible than a third (White
Plymouth Rock).
TABLE 1
SUSCEPTIBILITY IN RELATION TO AGE AND BREED FOLLOWING INOCULATIONS OF
HEPARINIZED LEUKEMIC WHOLE BLOOD (MASSIVE DOSE OF CELLS AND AGENT)
Number Percntage
Breed Age inoculated Takes Experiments takes
White Leghorn Over 10 12835
and Barred weeks 162 80 33 50
Plymouth Rocks weeks
White Leghorn Under 10 653148
and Barred eeks 65 53 14 81
Plymouth Rocks weeks
White Leghorn Embryo 33 16 4 50
WhitePlymouth Under 10 25 12 5 50
Rocks weeks
B. Transfer with whole plasma
Chicks were more susceptible than adults to inoculations of both
filtered and unfiltered plasma. By filtering through a fine bacterial
filter (No. S Chamberland) some activity was lost.
TABLE 2
SUSCEPTIBILITY IN RELATION TO AGE FOLLOWING INOCULATION OF HEPARINIZED
LEUKEMIC. PLASMA
(Barred Plymouth Rock, White Leghorn, and White Plymouth Rock Hosts)
Number Percentage
Material Age inoculated Takes Experiments takes
Unfiltered Over 10 37 8 8 22
plasma weeks
Unfiltered Under 10 41 22 3 54
plasma weeks
Filtered Over 10 11 2 2 18
plasma* weeks
Filtered Under 10 18 5 1 28
plasma* weeks _ _ _
28
* No. 5 Chamberland filter. Filtration through a V Berkefeld filter resulted in
little or no loss of activity in some cases (see Table 9).FOWL LEUKOSIS
C. Transfer uith crud-e marrow extract and fractions obtained by
ultracentrifugation
Table 3 summarizes 3 experiments with Barred Plymouth Rock
chicks. Table 4 gives the data on one experiment with White Leg-
horn chicks and Table S the results using White Plymouth Rocks.
Activity of the sediment (2nd pellet suspension) was variable.
When the sediment was highly active some activity remained in the
supernatant. If the sediment was moderately active the supernatant
was entirely inactive. After sedimentation the agent was not filter-
able even though the original pellet suspension was highly active.
No attempts were made, however, to filter the crude extracts.
TABLE 3
RESULTS FOLLOWING INOCULATION OF FRACTIONS OBTAINED BY ULTRACENTRI-
FUGATION OF LEUKEMIC BONE-MARROW EXTRACTS
Barred Plymouth Rock Hosts-1- to 7-day chicks
Number Duration of life after
of Number inoculation (positive
Material inoculated chickens positive animals)
Crude marrow extract 8 8 36-98 days
2nd pelletsuspension 10 9 30-46 days
2nd run supernatant 8 1 72 days
2nd pellet suspension 12 4 58-86 days
2nd run supernatant 12 0 ................
2nd pelletsuspension
filtered thru No. 3 12 0 ................
Chamberland filter
2nd pellet suspension 4 0 ................
2nd run supernatant .5 0 ................
2nd pellet suspension
filtered thru No. 2 4 0 ................
Chamberland filter _
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TABLE 4
RESULTS FOLLOWING INOCULATION OF FRACTIONS OBTAINED BY ULTRACENTRI-
FUGATION OF LEUKEMIC BONE-MARROW EXTRACTS
White Leghorn Hosts-1- to 7-day chicks
Number Duration of life after
of Number inoculation (positive
Material inoculated chickens positive animals)
2nd pellet suspension 10 10 20-39 days
2nd run supernatant 11 2 39-40 days
2nd pellet suspension
filtered thru No. 5 9 0 ................
Chamberland filter
TABLE 5
RESULTS FOLLOWING INOCULATION OF FRACTIONS OBTAINED BY ULTRACENTRI-
FUGATION OF LEUKEMIC BONE-MARROW EXTRACTS
White Plymouth Rock Hosts-2-day chicks
Number Duration of life after
of Number inoculation (positive
Material inoculated chickens positive animals)
2nd pellet suspension 8 2 53 and 82 days
2nd run supernatant 7 0 ................
Crude marrow extract 3 2 43 and 77 days
2nd pellet suspension 10 2 92 days
in 2-day chick serum
2nd pellet suspension 8 1 90 days in immune (?) serum 8
White Rock Hosts-221-day chicks
2nd pellet suspension
in plasma filtered thru 10 0 ................
N Berkefeld filter
2nd pellet suspension
filtered thru N 5 0 ................
Berkefeld filter
* Donor of serum had previously resisted one inoculation of leukemic whole
blood, showing no evidence of leukemia.FOWL LEUKOSIS
TABLE 6
SUSCEPTIBILITY TO CRUDE EXTRACTS AND FRACTIONS OBTAINED BY
ULTRACENTRIFUGATION
(Barred Plymouth Rock, White Leghorn, and White Plymouth Rock Hosts)
Number Percewage
Material Age inoculated Takes Experiments takes
Crude Over 10 12 4 4 33
extract weeks
Crude Under 10 1 1 10 2 91
extract weeks
Pellet Over 10 28 5 6 18
suspensions weeks
Pellet Under 10 44 25 5 57
suspensions weeks
Supernatant Over 10 10 0 3 0 weeks
Supernatant Under 10 44 3 5 7
D. Transfer uith fractions obtained by ultracentrifugation of unfil-
tered whole plasma
The sediment obtained in one experiment produced leukosis in
all of the 9 inoculated chicks. The supernatant was almost as active
as the original plasma, each giving 2 takes out of 4, although the
incubation period was greatly prolonged in one chick inoculated with
supernatant material.
TABLE 7
RESULTS FOLLOWING INOCULATION OF FRAC1TIONS OBTAINED BY ULTRACENTRI-
FUGATION OF UNFILTERED LEUKEMIC PLASMA*
Number Duration of life
of Number after inoculation
Material inoculatedt chickenst positive (positive animals)
Whole plasma 4 2 31 and 46 days
Upper fraction 4 2 40-87 days
Lower fraction 9 9 18-46 days
*Plasma centrifuged 3 times in paraffined tubes at 3000 r.p.m. for X2 hour
each run.
t Plasma 3-times diluted with heparinized saline (0.2 cc.).
1 Intravenous inoculations into 7-day White Leghorn chicks.
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E. Transfer with fractions obtained by ultracentrifugation of fil-
tered leukemic plasma (No. 5 Chamberland filter)
The sediment resulting from ultracentrifugation possessed the
total activity of the filtered whole plasma from which it was derived.
Supernatant material was entirely inactive.
TABLE 8
RESULTS FOLLOWING INOCULATION OF FRACTIONS OBTAINED BY ULTRACENTRI-
FUGATION OF FILTERED LEUKEMIC PLASMA
Number Duration of life
of Number after inoculation
Material inoculated* chickenst positive (positive animals)
Unfiltered plasma 14- 9 28-61 days
Filtered plasma (No. 5 18 5 42-77 days
Chamberland filter) 18 5 42-77_days
Lower fraction-filtered
and ultracentrifuged 16 6 42-80 days
plasma
Upper fraction-filtered
and ultracentrifuged 16 0 .................
plasma
* Plasma 3-times diluted with heparinized saline (0.2 cc.).
t Intravenous inoculations into 1-day chicks (Barred Plymouth Rock).
F. Activity of supernatant material following successive half-hour
centrifugations of 3-times diluted and filtered (V Berkefeld
filter) hepariimzed plasma at 3,000, 6,000, 12,000, 18,000,
24,000, and 30,000 r.p.m.
Centrifugation at 3,000 and 6,000 r.p.m. resultedin nodetectable
reduction in the activity of the supernatant. The supernatant of
plasma centrifuged at 12,000 and 18,000 r.p.m. had lost one-half
its leukemia-inducing potency. The supernatant plasma had lost
two-thirds of its activity after centrifugation at 24,000 and 30,000
r.p.m. The washed sediments which were deposited at the last two
speeds were quite active.
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TABLE 9
RESULTS FOLLOWING- INOCULATION OF SUPERNATANT MATERIAL DERIVED FROM
SUCCESSIVE HALF-HOUR CENTRIFUGATIONS AT 3,000, 6,000, 12,000, 18,000,
24,000, AND 30,000 r.p.m. OF 3-TIMES DILUTED HEPARINIZED PLASMA
No. of Duration of
chicks Number Percentage life after
Group Supernatant from* inoculated positive takes inoculation
days
3,000 r.p.m. 2 hr. 9 7 28-53
635g ____ _17 90%
+6,000 r.p.m. 2 hr. 10 10 19 22-63
2,540 g
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
+ 12|,000 r.p.m. 2 hr. 9 5 30-60
l0,000Og 10 __56___o
+ 18,000 r.p.m. 2 hr. 9 5 | 44-96
22,800 g__
+24,000r.p.m.Y2 hr.25-4
Re-sus41,00eg9washed 3_54
+30,000 r.p.m. /2 hr. -f 183-7
63,000 g 9_____ 4_36_72
Re-suspended washed 4
IV sediment from 6 4 - =67%So 36-55
group III 6
* 0.4 cc. of 3-times diluted and filtered (Berkefeld V) heparinized plasma
inoculated intravenously into 4-day chicks (White Leghorn).
G. Results followsing inoculation of leukemic blood, cells, or plasma
into embryos
The disease could be induced by injection of leukemia-inducing
materials into the albumen after the 10th day of incubation. Similar
inoculations gave negative results before the 10th day. Inocula-
tions into the amniotic sac on the 7th day induced leukemia (post-
hatching) in 2 chicks.YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 10
RESULTS FOLLOWING INOCULATION OF LEUKEMIC BLOOD, CELLS, AND PLASMA
INTO EMBRYOS
Number Number Age at death
Material Site of Age of inocu- of Experi- from leukosis
inoculated inoculation embryos lated* takes ments (post-hatching)
days days
Blood Albumen 10-12 33 16 4 25-70
Washed cells Albumen 12 5 5 1 63-94
Unfiltered Albumen 12 2 2 1 34 and 45
plasma
Unfiltered Albumen 7 9 0 1 ..........
plasma
Unfiltered Amniotic 7 4 2 1 46 and 58
plasma sac
UJnfiltered Amniotic 12 2 0 1 ..........
plasma sac
Filtered
plasma
(No. 5 Albumen 12 21 3 3 45-47
Chamber-
land filter)
* Only those chicks which lived one month or more after hatching are included.
(White Leghorn embryos were used.)
Discussion
The filterable agent of fowl leukosis (strain No. 1) was sedi-
mented byultracentrifugation (24,000 to 30,000 r.p.m.).* As far as
can be judged from the data, re-suspended sediments possessed no
significantly greater total activity, however, than the crude extracts
orwholeplasma from which theywere derived (see Tables 5 and 9).
Thus, in contrast to the Rous sarcoma,8 no enhancement of activity
was obtained by ultracentrifugation. Actually, in some cases the
activity of the suspended pellet material was appreciably less than
*Subsequent to our preliminary report (Science, 1939, 83, 610) Furth8 and
Stubbsl3 briefly reported sedimentation of strain No. I leukosis agent by high-speed
centrifugation.
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that of the crude extract from which it had been obtained. This
might possibly be explained in terms of irreversible partial aggrega-
tion ofthe agent.
Centrifuging at 30,000 r.p.m. did not always remove the agent
quantitatively from the supernatant liquid of either highly potent
diluted plasma (Table 9) or very active tissue extracts (Tables 2
and 4). If the original materials were not highly active, however,
sufficient agent was removed from the supernatant to render it inac-
tive in the quantities inoculated (Tables 3, 5, and 8).
Following centrifugation at 6,000 r.p.m. for one-half hour none
of the biological activity was lost from 3-times diluted highly active
leukemic plasma (Table 9). This indicates that the agent is not as
large as the mitochondria of hepatic cells studied by Bensley and
Hoerr,2 which are thrown down at much lower speeds. Still further
centrifugation for one-half hour at 12,000 and one-half hour at
18,000 r.p.m. removed only one-half of the original activity from
the supernatant. After additional centrifugation for one-half hour
at 24,000 and for a like period at 30,000 r.p.m. the supernatant
(upper one-third of 6 cc. tubes) retained approximately one-third
of its original leukemic-inducing potency (Table 9). Apparently
not all of the particles associated with the activity of highly active
leukemic plasma or bone-marrow extracts are thrown down uni-
formly at the same speed. This indicates differences in size among
the active particles.
Following sedimentation from crude marrow extracts the agent
was not filterable through either a No. 3 Chamberland or an N
Berkefeld filter (Tables 4 and 5). Since the agent found in the
plasma of leukemic animals is readily filterable, the sediment was
re-suspended in normal plasma and filtered, but still the filtrates
were inactive (Table 5). Perhaps the particles associated with bio-
logical activity were aggregated bycentrifugation and then, although
retaining their activity, were not filterable.
When the agent was extracted from cells (marrow extracts) and
sedimented the number of "takes" obtained upon injecting re-sus-
pended sediment was similar to that observed with inoculations of
cell-free leukemic plasma (compare Tables 2 and 6). Fifty per
cent of chicks one week ofage or less were resistant to inoculations of
agent alone in the concentrations used. Seventy-six per cent of adult
animals were resistant. When filterable agent plus cells (whole
blood) were inoculated only 16 per cent of the chicks were resistant
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and the number of adults which did not develop the disease was
reduced to 50 per cent. Either a different mechanism exists for
resisting the action of cells or the cells contain such a great quantity
of active agent that the difference in results can be explained on a
purely quantitative basis.
The difference in the susceptibility of adult and young chickens
when inoculated with either cells or agent is very striking from the
standpoint of both incubation period and percentage of takes.*
Because of its greater susceptibility only the chick (two weeks of age
and less) proved to be a truly satisfactory test animal, the incubation
period being relatively short and the percentage of "takes" signifi-
cantly higher. The difference in susceptibility in relation to age
cannot as yet be explained. The same variation in susceptibility
according to host age has also been noted in the case of the Rous
sarcoma where susceptibility can be correlated with the titer of
immune bodies in the serum.5 The acute hemorrhagic disease which
develops in highly susceptible chicks after inoculation with the agent
of Chicken Tumor I5 did not appear, however, in any of the chicks
inoculated with leukemia-inducing materials. At present, sero-
logical investigations are being carried out to determine the presence
of immune bodies similar to those observed in the case of the Rous
sarcoma.
The quantity of free and extractable agent (as determined by
inoculation into chicks) apparently varied from one leukemic animal
to another when the chickens were killed in what appeared to be the
terminal stages of the disease. It is not likely that variation in host
susceptibility of the inoculated chicks of from 1 to 7 days of age
could account for what appeared to be high activity of the agent in
one case and negligible activity in the next.
The first lesions following inoculation of cells or agent were
noted in the bone-marrow. Many leukemic chickens exhibited only
slight intravascular accumulations of leukemic cells in the liver, kid-
ney, and lung, whereas the bone-marrow had undergone a complete
leukemic change. Generalized leukemic cell accumulations were
never observed in the absence of leukemic alterations in the bone-
marrow. It would thus seem that the agent exerts its action pri-
nmarily on cellular constituents of the normal bone-marrow.
* Chicks proved very susceptible to inoculations of small amounts of leukemic
plasma (Tables 7, 8, and 9). No effort was made, however, to determine sus-
ceptibility quantitatively, that is, by inoculation of measured amounts per unit of
body weight.
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The experiments of Jarmai (with a similar strain of leukosis)
had been interpreted to indicate that embryos cannot be inoculated
successfully before the appearance of the bone-marrow.9 In his
experiments inoculations were made into the albumen before and
after the 9th-i0th day of embryonic development, at which time
the bone-marrow appears.4 In the experiments being reported here
it was also found that inoculations of plasma into the albumen were
unsuccessful before the 10th day, and successful in part after the
10th day of incubation (Table 10). In view of the fact that prior
to the 10th day the extra-embryonic membranes do not extensively
cover the albumen, it is possible that the failure of the disease to
appear following injection of the agent into the albumen during this
period may be explained on the basis of non-availability of such
agent to the embryo irrespective of the stage of development of the
bone-marrow. This view is borne out by the appearance of leukosis
in animals which received intra-amniotic inoculations on the 7th day
of incubation. Either the agent was retained in active form in the
embryonic body by other tissues until the bone-marrow appeared or
leukemic changes were induced in hemopoietic elements of the
yolk-sac.
Although it is felt that the transmission results observed with
fractions of unfiltered materials obtained by ultracentrifugation are
not attributable to the presence of viable intact cells, perhaps the
safest procedure in work of this type is the filtration of crude mate-
rials through a V (coarse) Berkefeld filter as a preliminary step
before ultracentrifugation.
Summary
The filterable agent of fowl leukosis (strain No. 1-Furth) was
concentrated by ultracentrifugation. Sedimented material did not
seem to possess a greater total activity than the material from which
it was derived (crude marrow extract or plasma). None of the
agent was sedimented at 6,000 r.p.m. (/2 hour). Sedimentation
was incomplete at 30,000 r.p.m. (X2 to 1 hour). The material
responsible for the induction of leukosis was not completely sedi-
mented at a single speed, indicating a variation in size of the particles
associated with activity of the agent. As sedimented from crude
marrow extracts, the agent was not filterable. The resistance to both
cells and agent appeared to increase with age. Susceptibility to fil-
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terable agent plus leukemic cells (blood) or washed cells was greater
than to the agent alone. Although activity of the agent manifested
itself first in the bone-marrow, intra-amniotic inoculation of 7-day
embryos, before the appearance of bone-marrow, resulted in the
development of leukemia after hatching.
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